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Abstract.— JhQ literature on parasites of chaff scale, Parlatoha pergandii Comstock, is

briefly reviewed with emphasis on chaff' scale in Texas. A survey of the natural enemies
of chaff scale in Texas citrus showed two thelytokous and closely related (cryptic) species,

Aphytis hispanicus (Mercet) and Aphytis comperei DeBach and Rosen, to be the most
common parasites. Since these species are reported in the literature to be sympatric in

many localities, and since individuals with an apparently intermediate morphology were

found, we tested the hypothesis that the concepts of .4. hispanicus and A. comperei rep-

resent two points in a continuous distribution of phenotypes. A morphometric study of

the material was conducted to determine if two distinct morphs corresponding to A.

hispanicus and A. comperei occur in Texas citrus, and if so, to identify useful morphological

characters to distinguish between them. Sixteen measurements of anatomical structures,

six meristic characters, and two qualitative characters were scored for 146 specimens

reared from isolated chaff scale. The measurement data were analyzed using principal

component and canonical variates analyses. Principal component analysis of the raw and
log-transformed data showed that two distinct morphs exist which correspond to A.

hispanicus and A. comperei. In addition, a third group of individuals, designated as A.

^hispanicus, was found. These individuals are close to, but somewhat distinct from, A.

hispanicus. Principal component analysis and canonical variates analysis suggest that the

A. ^hispanicus group consisted of small specimens of A. hispanicus. Canonical variates

analysis also showed that 6 of the 1 7 characters used were useful in discriminating between
A. comperei and A. hispanicus. Two meristic characters showed strong discontinuities

between A. comperei and A. hispanicus. Weconclude that two species, A. comperei and
A. hispanicus, are the common parasites of chaff scale in Texas citrus.

This paper is the first in a series reporting in Texas (Dean, 1955; Dean et al., 1 983),

the results of a survey of the parasites of Israel (Gerson, 1977; Harpaz, 1961), Spain
armored scale on citrus in south Texas. Here (Limon et al., 1977; Carrero, 1 980), and in

we discuss the status of uniparental (thely- other locations worldwide (Talhouk, 1975)
tokous) Aphytis (Hymenoptera: Aphelini- Parlatoria pergandii occurs sympairicaWy in

dae) reared from chaff scale, Parlatori a per- Israel with Parlatoria cinerea Doane and
^an^/V Comstock (Homoptera: Diaspididae). Hadden, the tropical grey chaff scale (Ger-
Chaff scale is a recurring problem on citrus son, 1967a, b).
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The most common parasites we encoun-

tered on chaff scale were referable to one of

two species in the proclia group ofAphytis:

A. hispanicus (Mercet) and A. comperei

DeBach and Rosen. Both species are uni-

parental (Rosen and DeBach, 1979) and

males referable to this species group were

quite rare in our collections. The similarities

between these two species and the occur-

rence of apparent intermediate forms

prompted this study.

Prior to the work of DeBach and Rosen

(summarized in Rosen and DeBach, 1979)

species identification in Aphytis was ex-

tremely difficult and often controversial.

Dean (1965) expressed some frustration at

the different species names various special-

ists provided for Aphytis reared from chaff

scale on Texas citrus— variously A. proclia

(Walker), A. diaspidis Howard, and A. his-

panicus. All of these species are in the pro-

clia group, as are ^. maculicornis (Masi) and

A. paramaculicornis DeBach and Rosen
which were imported and released against

the olive scale, Parlatoria oleae (Colvee), in

California and elsewhere (Rosen and
DeBach, 1979). Dean (1965), Dean and

Hoelscher (1967) and Dean and Bailey

(1960) refer to an Aphytis "complex" as the

dominant parasites of chaff scale in Texas.

Later, DeBach and Rosen (1976) deter-

mined that Dean's chaff scale parasite ma-
terial contained two very similar Aphytis

species: A. hispanicus and a second species

they described as A. comperei.

Our examination of early correspondence

and unpublished reports indicate that chaff

scale was present early in the history of the

citrus industry in Texas. A complete review

of all parasites of chaff scale in Texas is

forthcoming. Introduction of other Aphytis

species have been made for chaff scale con-

trol in Texas, but establishments of exotic

species have not been documented (Dean

and Bailey, 1960). In 1968 a strain of .4.

paramaculicornis originally obtained from

chaff scale on citrus at Escondido, Califor-

nia was shipped from Riverside to Texas

and approximately 35 adults were released

on chaff scale at Weslaco. This somewhat
enigmatic Aphytis was originally thought to

be the "Iran" strain of .4. paramaculicornis,

but Rosen and DeBach (1979) regard it as

distinct and apparently indigenous to Cal-

ifornia. No recoveries of this Aphytis have

been made. In fact, we have not reared ma-
terial from chaff scale in Texas referable to

any introduced species. All Aphytis found

on chaff scale in Texas can therefore be con-

sidered to be indigenous, or exotic species

which moved with chaff scale when it was

introduced to Texas.

The holotype o^ Aphytis hispanicus Mer-

cet (1912) was from material reared from

chaff scale on citrus at Valencia, Spain. The
species was most recently redescribed by

Rosen and DeBach (1979), whose hst of lo-

calities for this species includes Spain, Italy,

Turkey, Israel, the Caucasus, Morocco, Tai-

wan, Brazil, Trinidad, Mexico, Rorida, Cal-

ifornia, and notably, Texas. Most of the

specimens were reportedly reared from P.

pergandii, and to a less extent from P. ci-

nerea, P. oleae, Aspidiotus nerii Bouche, In-

sulaspis pallida (Green), Lopholeucaspis

japonica (Cockerell), and Mytilaspis conch-

iformis (Gmelin). Records from Acutaspis

scutiformis (Cockerell), Aonidiella aurantii

(Maskell) and Chrysomphalus dictyospermi

(Morgan) were regarded as questionable.

Aphytis hispanicus has also been reported

attacking chaff scale in Morocco (Abassi,

1975), Spain (Limonetal., 1976, 1977) and

Rorida (Muma, 1971). Crouzel (1973) list-

ed A. hispanicus and Aphytis argentinus

Brethes as parasites of P. cinerea and P.

pergandii, respectively, in Argentina. How-
ever, Gerson (1977) stated that the chaff

scale parasite which she listed as A. argen-

tinus is probably a synonym of /I. comperei

or A. hispanicus. Rosen and DeBach (1979)

describe A. hispanicus as a uniparental, sol-

itary parasite of Parlatoria species which

attacks second instars, male scale, and adult
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Table 1. Diagnostic characters for Aphytis comperei and A. hispanicus from Rosen and DeBach (1979).

Information taken from key to species and species redescriptions.

.1. hispanicus

Genal sutures

Antennal club

Pedicel, funicle, base of club

Antennal club

Crenulae

Ratio of lengths of ovipositor/

middle tibia

Forewing, length/width

Setae in delta region of fore-

wing

LMCforewing/width forewing

heavily sclerotized, infuscate from

oral margin to about %distance

to eye

length/width = 2.5-3.0

uniformly and strongly infuscate

apical 'A blackish (infuscate)

6-8 per side, elongate, non-over-

lapping, faintly infuscated

less than or = 1.33

2.75-3.00

59-161 in 9-12 rows

0.17-0.33

less heavily sclerotized, faintly in-

fuscate

shorter, thicker, length/width about

2.3

paler

tip with conspicuous black spot

3-5 per side, wider, distinctly black-

ish

longer, up to 2.00

2.5-2.66

51-96 in 7-9 rows

0.20

female scale, preferring the latter. Gerson

(1967b, 1968), Rosen (1965, 1967, 1969)

and Rivnay (1968) provide information on

the biology of .4. hispanicus in Israel.

DeBach and Rosen (1976) described A.

comperei and provided diagnostic charac-

ters to distinguish it from A. hispanicus and

A. proclia. The holotype female was reared

from "Aonidiella aurantii material" on cit-

rus in McAllen, Texas; however, Rosen and

DeBach (1979) regarded the California red

scale record for the holotype as question-

able. They point out that California red scale,

chaff scale, and other scale species are often

found mixed together on citrus and cross

contamination of rearing samples is com-
mon. Most of the records listed for .4. com-
perei are from chaff scale, and records from

A. aurantii, Chrysomphalus aonidum (L.),

and Cornuaspis beckii (Newman) were re-

garded as questionable (Rosen and DeBach,

1979). The distribution oi A. comperei in-

cludes Texas, Mexico, Florida, Jamaica,

South Africa, Hong Kong and Canton,

China. Little additional information is

available on the biology oi A. comperei be-

yond the observation of Rosen and DeBach
(1979) that this species is uniparental.

Rosen and DeBach (1979) provide a

number of characters to distinguish com-
perei and hispanicus in their key to Aphytis

species and in the redescriptions of the two

species. Welist their criteria in Table 1 and
provide figures of typical character states for

each species. Of particular interest are the

shape and coloration of the antennal seg-

ments, the conformation of the crenulae,

and aspects of the forewings. In the next few

paragraphs, all discussion of the diagnostic

characters for the two species refers to the

criteria of Rosen and DeBach (1979).

The antennal club oi A. hispanicus (Fig.

1, Table 1) is characterized by a blackish,

infuscate region in about the distal third.

The antennal club of A. comperei (Fig. 2,

Table 1 ) is shorter, thicker, and the infuscate

area is confined to a black spot at the tip.

The propodeum o{ Aphytis typically bears

several posterior, lamellate projections

called crenulae. Variations in the size, shape,

number, and color of the crenulae have been

used to distinguish between many Aphytis

species (Rosen and DeBach, 1979). These

authors state that 12-16 crenulae are found

on A. hispanicus (Table 1), and further, that

the crenulae in hispanicus are elongate, pale
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Figs. 6, 7. 6, Forewing of A. hispanicus. 7, Forewing of A. comperei.

ginal cilia (LMC) on the forewing to the

greatest width of the forewing in hispanicus

specimens is usually longer (ratio of '/^-'/j)

than in comperei specimens ('/j) (Table 1).

Several of the characters in Table 1 are

extremely subtle, and require some subjec-

tive interpretation by the observer. The
ranges given for several other characters are

strongly overlapping (e.g. the number of se-

tae in the delta region of the forewing). Fur-

ther, some individuals in our material show
an intermediate morphology, suggesting that

Rosen and DeBach's (1979) concepts of A.

comperei and A. hispanicus might represent

two ends of a continuous distribution of

phenotypes. The two species are often sym-

patric (in the sense that both are often reared

from the same collection ofParlatoria scale)

which is consistent with this contention. As
both species are uniparental, a purely phe-

netic species concept is appropriate. Differ-

ences in biology, behavior, or ecology, were

they known, would support the recognition

of two species.

The objective of this study was to deter-

mine if two distinct morphs, corresponding

to A. comperei and A. hispanicus, occur in

south Texas citrus, and if so, to determine

by what morphological attributes they can

best be distinguished. The null hypothesis,

in a sense, was that the morphs correspond-

ing to these species are not distinct and that

they intergrade. Weanalyzed the variation

in a set of morphological characters in our
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populations in order to resolve these alter-

natives.

Methods

Parlatoria pergandii material was col-

lected from 28 citrus groves in Hidalgo and

Cameron counties in south Texas during

March through November, 1983. Groves

were generally unsprayed, and formed an

east-west transect of the citrus production

region in Texas. Individual parasitized P.

pergandii were identified by lifting scale

covers with a dissecting probe. Individuals

were then isolated in 0.25 dram glass shell

vials with cotton stoppers. The parasites

were allowed to emerge and die in the vials

and were then slide-mounted in Hoyer's

medium (Rosen and DeBach, 1 979). A total

of 146 slide-mounts of specimens referable

to either A. comperei or hispanicus were

available for study at the time the morpho-
metric analyses were begun.

Data were collected from all available

specimens using a Zeiss compound micro-

scope equipped with Nomarski contrast en-

hancement. Measurements on specimens

were taken through either a 16 x or 40x
objective, using a 12.5 x eyepiece contain-

ing a reticle with 100 divisions. The eye-

piece reticle was calibrated with a stage mi-

crometer allowing conversion of eyepiece

reticle units to microns, the scale used for

all quantitative measurements.

At the time the data were taken, a ten-

tative species determination was made for

each specimen, using the criteria of Rosen
and DeBach (1979) (Table 1). In seven cases,

the character states of a specimen were out-

side the stated range for either species, but

close to one of them. Five individuals were

assigned a tentative determination of A.

Ihispanicus and two as A. '^comperei.

The character set used was a mixture of

quantitative (continuous) measurements
(Table 2), meristic (counted), and coded

multistate (qualitative) characters. The
character set was assembled using various

criteria. Were-examined the characters of

Rosen and DeBach (1979), accounting for

characters 1, 4, 5, and 9-15 in Table 2. We
also included several additional measure-

ments (characters 2, 3, 6-8, 16 and 17 in

Table 2) so that the data would better de-

scribe differences in shapes between speci-

mens.

Rosen and DeBach (1979) stressed the

value of the crenulae for species discrimi-

nation. Wecoded data for the crenulae as:

the number of crenulae (meristic), the color

of the crenulae (dark, some dusky color, or

pale), and the degree to which the crenulae

were overlapping (overlapping, contiguous

but not overlapping, or well separated). In

addition, we counted the setae present on

three abdominal terga: the seventh, lateral

setae on the eighth, medial setae on the

eighth, and on the syntergum (following Ro-

sen and DeBach's (1979) numbering of ter-

ga, in which the propodeum is counted as

the first tergum).

All morphometric analyses on the data

set were performed using the Statistical

Analysis System (SAS) software (SAS In-

stitute, 1982a, b) on a VAX 1 1/750 micro-

computer. Sixteen quantitative characters

and one meristic character (the number of

setae in the delta region of the forewing)

were used for morphometric analyses (Ta-

ble 2).

Principal components analysis (PCA) was

performed on the variance/covariance ma-
trix computed from the raw data. In all

multivariate statistical procedures, SAS
programs remove any observations with

missing data points for variables used in the

analysis. Twenty observations had missing

data for one or more quantitative charac-

ters, leaving 126 observations available for

the PCA. Principal components computed

from a variance/covariance matrix may be

sensitive to the greater variance associated

with characters with numerically larger val-

ues (Neff and Marcus, 1980). For this rea-

son, PCAwas also performed on the vari-

ance/covariance matrix computed from the

logarithms (base 10) of the raw data.
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Table 2. Univariate statistics for variables used in the morphometric analyses. Means, 95% confidence

intervals around the means, and ranges are given in microns. Values are lengths, unless otherwise indicated. An
asterisk (*) preceding the variable number indicates that the character was discussed by DeBach and Rosen

(1976) and/or Rosen and DeBach (1979).

Variable
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Fig. 8. Observations plotted on the first two principal components computed from the co variance matrix

fi-om the untransformed data. The first prinicpal component contains 79% of the sample variance, the second

principal component contains 14%.

that the second canonical variate would be

constructed in a way that would provide

discrimination between A. hispanicus and

A. ^hispanicus individuals.

Once the scores for the original obser-

vations on the first two canonical variates

were obtained, we constructed 95% predic-

tion regions around the clusters of points

for each class using the formulae of Owen
and Chmielewski (1985), an application of

standard methods (e.g. Johnson and Wich-
em, 1982). These ellipses have their centers

at the group mean for each cluster for each

canonical variate and enclose a 95% pre-

diction region in the following sense: if all

such prediction regions were drawn, 95%of

them would contain each sample point

(Owen and Chmielewski, 1985). This tech-

nique assumes that the scores for each class

on the first two canonical variates have a

bivariate normal distribution. Wecould not

test for bivariate normality, but we did test

for univariate normality, and in all cases

except one, we could not reject the null hy-

pothesis of univariate normality. The one

exception was the distribution of scores for

the first canonical variate for comperei. In-

spection of the distribution of comperei

points on the first two canonical variates

revealed one conspicuous outlier. With this
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outlier removed the null hypothesis (uni-

variate normality) could not be rejected

(P > 0.15, Kolmogorov test). For this rea-

son, the 95%confidence ellipse for comperei

was constructed without the score for the

outlier observation.

Results

Principal component analysis.— A pro-

jection of the individual specimens on the

first two principal components computed

from the variance/covariance matrix from

the original data is presented as Fig. 8. To-

gether, the first two principal components

account for 93.0% of the original variance.

The remaining principal components rep-

resent increasingly miniscule proportions of

the total variance: from 2.1% for the third

to 0.03% for the seventeenth. The unitized

eigenvectors associated with the first two

principal components are shown in Table

3. The elements of each vector have been

scaled so that the sum of the squares of all

the elements in each vector is unity. Thus,

the elements represent weights, and the val-

ue for each element squared represents the

proportion of variance in the principal com-
ponent which each variable contributes, as-

suming that PCAhas produced uncorrect-

ed linear transformations of the original

variables.

Two distinct clusters of points represent-

ing A. comperei and A. hispanicus individ-

uals were found (Fig. 8). The individual ten-

tatively determined as A. 1comperei lies well

within the cluster formed by A. comperei

individuals. The clusters formed by A. com-

perei and A. hispanicus are distinct with re-

spect to the second principal component
only. Thus, by examining the weights in Ta-

ble 3 for the second principal component,

one can gauge the contribution of individual

variables to the location of individuals on

this axis. For example, from Fig. 8 and Ta-

ble 3 it is noted that A. hispanicus individ-

uals tend to have longer and narrower fore-

wings with long marginal cilia, a longer

Table 3. Eigenvalues and weights for the first two

principal components, computed from the covariance

matrix from the untransformed data. The vectors are

scaled so that the sum of the squares of the elements

in each vector is unity. The rows have been sorted on

the elements for the second principal component, from

numerically highest to lowest.

Vanable or Quantity
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Fig. 9. Observations plotted on the first two principal components computed from the covariance matrix

from the log-transformed data. The first principal component contains 54% of the sample variance, the second

principal component contains 28%.

ance. Wenote also that the clusters of points

for each species in Fig. 8 are roughly parallel

to the first principal component axis, lend-

ing further support to the interpretation of

this principal component as a size vector.

If the first principal component simply ap-

proximates overall size, then the five indi-

viduals originally determined as A. Ihispan-

icus would appear to be small specimens of

A. hispanicus.

Figure 9 is a projection of the individuals

on the first two principal components com-
puted from a variance/covariance matrix

derived from the log-transformed data. This

transformation should reduce the overall ef-

fect of the large variances associated with

variables with numerically large values. Ta-

ble 4 shows the eigenvalues and eigenvec-

tors for the first two principal components,

as discussed above for Table 3. That the

tranformation was successful can be seen in

Table 4, in that the first principal compo-
nent now accounts for only 53.8% of the

total variance, with a greater proportion,

27.7%, now contained in the second prin-

cipal component. The remaining principal
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components now account for somewhat

greater, but still relatively small proportions

of the total variance: 4.7% for the third and

0.1% for the seventeenth. The weights for

the first principal component (Table 4) are

all positive, although not of uniform mag-

nitude, suggesting that the first principal

component retains some variance associ-

ated with overall size of the specimens.

Again, two distinct clusters of points in

Fig. 9 correspond with original determina-

tions of either A. comperei or A. hispanicus

and A. '^hispanicus. However, the clusters

in Fig. 9 are at oblique angles to two prin-

cipal component axes, suggesting that now
the first principal component expresses

variance associated with shape differences

in addition to size differences. Also, the in-

clusion of a point in one or another cluster

is now determined by a contribution from

both principal components. The contribu-

tion of individual variables to the clustering

of individuals when projected on the first

two principal components can be assessed

by examining the relative weights of vari-

ables on each component. The length of the

infuscate portion of the antennal club is the

only variable which makes a strong contri-

bution to both the first and second principal

component, accounting for just over 25%of

the variance of each. The number of setae

in the delta region of the forewing accounts

for slightly over 25% of the variance in the

first principal component, and the length of

the marginal cilia on the forewing for slight-

ly over 25% of the variance represented by

the second principal component. Other

variables with high weights on the first prin-

cipal component are the length of the pro-

podeum and the length of the basitarsus.

The width of the forewing, length of the

pedicel and third funicle segment on the

antenna, lengths of the mesoscutum and

scutellum, and length of the ovipositor all

have relatively high weights on the second

principal component.

The A. '^hispanicus individuals are again

concentrated at one end of the distribution

Table 4. Eigenvalues and weights for the first two

principal components, computed from the covariance

matrix from the log-transformed data. The vectors are

scaled so that the sum of the squares of the elements

in each vector is unity.

Vanable or QuanlUy PC I PC II

Eigenvalue

Proportion of Variance

1

)

Length of scape

2) Length of pedicel

3) Length of apical funicle

segment

4) Length of club

5) Length of infuscate area

on club

6) Length of mesoscutum

7) Length of scutellum

8) Length of metanotum

9) Length of propodeum

10) Length of ovipositor

1 1

)

Length of forewing

1 2) Width of forewing

13) Length of LMCon fore-

wing

14) Setae in delta region,

forewing

15) Length of middle tibia

1 6) Length of basitarsus

17) Length of midtibial spur

of y4. hispanicus individuals in Fig. 9. How-
ever, the effect now appears to be spread

between the first and second principal com-

ponents. Furthermore, the points now over-

lap with A. hispanicus more with respect to

their location on the second principal com-

ponent. In this case, more than a simple size

effect seems to be involved, as the location

of points with respect to either component

is not simply size related. It appears that

these individuals are intermediate with re-

spect to some aspects of morphology, al-

though more similar to A. hispanicus than

to A. comperei. Aphytis '^hispanicus was re-

tained as a distinct a priori class in the ca-

nonical variates analysis for this reason. The

A.'? comperei specimen was treated as a

member of the A. comperei class for canon-

ical variates analysis because the point rep-

resenting this specimen fell in the middle of

0.0341
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Fig. 10. Observations plotted on the two canonical variate axes. The ellipses around each cluster of points

represent 95% prediction regions (Owen and Chmielewski, 1985).

the points for the A. comperei specimens

when projected against either set of prin-

cipal components (Figs. 8 and 9).

Canonical variates analysis. —Homoge-
neity of the COvariance matrices for the three

classes used in canonical variates analysis

was tested using the SAS DISCRIM pro-

cedure. The covariance matrix for the Ihis-

panicus class was not of full rank due to the

small number of observations, and there-

fore could not be tested against the other

two. However, the tests did show that the

null hypothesis that the covariance matrices

of the comperei and hispanicus classes were

homogeneous could not be rejected {P =

1.000, likelihood ratio test). We assumed
that the covariance matrix for the Ihispan-

icus class was also homogeneous with the

other two, since we had no reason to assume
otherwise.

Figure 10 is a plot of the projection of the

individuals on the first two canonical vari-

ates. The first canonical variate contains

97.6% of the between-groups variance, and
since with three groups only two canonical

variates can be constructed, the second ca-

nonical variate contains 2.4% of the be-

tween-groups variance. One would expect
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Table 5. Standardized coefficients and total canonical structure for the canonical variates analysis. The
standardized coefficients are the amount that the canonical variate score will change for a change in the original

variable of one standard deviation. The total canonical structure values are the total-sample correlations between

the original variables and the canonical structure scores. The rows have been sorted by the elements of the

vector of coefficients for the first canonical variate.
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Fig. 1 1. Number of specimens with observed number of crenulae. (Black bars represent A. comperei, white

bars represent A. hispaniciis, shaded bars represent A. Ihispanicus specimens.)

to have a longer scutellum and a longer api-

cal funicle segment.

The same pattern is evident in the total

canonical structure values in Table 5. These

values represent the total-sample correla-

tions between the original variables and the

canonical structure scores. As with the stan-

dardized coefficients, variables 5,9, 13, and

14 have strong positive correlations on the

first canonical variate. Variable 17, the

length of the midtibial spur, also shows a

strong positive correlation on the first ca-

nonical variate, but its standardized coef-

ficient is relatively low. Variable 10, the

length of the ovipositor, has a strong neg-

ative correlation on the first canonical vari-

ate, with the same implication as discussed

above.

Meristic characters.— At least two of the

meristic characters for which we recorded

data show marked differences between these

species. As noted by Rosen and DeBach
(1979), hispanicus individuals tend to have

more crenulae that comperei individuals.

Figure 1 1 is a histogram of the number of

specimens observed with a particular num-
ber of crenulae. Most comperei specimens

had 8-10 crenulae (see Fig. 4), most his-

panicus specimens had 11-15 (see Fig. 3),

while the Ihispanicus specimens had an in-

termediate number. Another useful meristic

character is the number of medial setae on

the eighth abdominal tergum (Fig. 5). As
can be seen in Fig. 1 2, most comperei spec-

imens had two such setae, rarely 1 or 3,

while most hispanicus specimens had 4, or

5, rarely 3 or 6. The Ihispanicus specimens

were again intermediate with 2 or 3 setae

in this location.

Discussion

The ^hispanicus individuals do not ap-

pear to represent a morph distinct from the

hispanicus individuals. In all plots (Figs. 8,

9, 10) the '^hispanicus observations cluster

at one end or the other of the distributions

of hispanicus observations. In fact, the 1 his-

panicus specimens appear to be simply small

hispanicus individuals. This can be seen

clearly in Fig. 10 and Table 5. The Ihispan-
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well separated (as indicated by the confi-

dence intervals), but the ranges for these

variables are strongly overlapping, with the

exception of character 5 for which the ranges

are contiguous. Therefore, while there is in-

formation in many of these characters, any

particular variable for a single specimen will

not necessarily be discriminating. In fact,

the covariation of traits leads to the dis-

tinctly different morphologies of comperei

and hispanicus. This points out the dangers

in comparison of mean values for characters

(e.g. with /-tests) or of the ranges of char-

acters in making taxonomic decisions. In

this case, comparison of means only would

overstate the differences between comperei

and hispanicus, while comparison of ranges

only would not reveal trends which do occur

in these data. Multivariate techniques such

as PCA and CVA explicitly represent the

covariation between many characters,

thereby providing a method to assess trends

which occur in several characters simulta-

neously. For an excellent discussion of this

general problem, see Albrecht (1980).

Conclusions

Our results strongly support the conclu-

sions of Rosen and DeBach (1979) that A.

comperei and A. hispanicus are two distinct,

but closely related species. Of course, with

thelytokous forms such as these, notions of

reproductive isolation do not apply, and the

boundaries of species are necessarily arbi-

trary. Wehave found rare male specimens

in our material referable to one of the two

species. The results of Rossler and DeBach
(1972, 1973) suggest that the rare males in

Aphytis species are functional, at least in

some species. Therefore, the possibility ex-

ists that mating occurs in the field, and that

gene flow occurs between clones and even

between species as we now recognize them.

More likely, however, is the situation ob-

served with uniparental strains of A. ma-
culicornis and biparental strains of /I. par-

amaculicornis in which laboratory studies

have indicated that these forms are com-

pletely reproductively isolated (Rosen and

DeBach, 1979). The possible role of males

in comperei and/or hispanicus is a matter

for further investigation.

Nevertheless, we have found two distinct

morphs corresponding almost exactly to the

concepts of .4. comperei and A. hispanicus

presented by DeBach and Rosen ( 1976). The
results from the principal components anal-

ysis are the strongest evidence for the dis-

tinctness of the two forms, as this technique

does not utilize any a priori grouping cri-

teria in dimension reduction. The meristic

characters provide further evidence for the

discontinuity in the morphologies of the two

species. The A. 1 hispanicus specimens re-

main somewhat problematic, as both the

meristic characters and the multivariate

analyses indicate that these individuals are

intermediate in form. However, the multi-

variate analyses also suggest that these spec-

imens are smaller /i. hispanicus individuals

and meristic data are consistent with that

hypothesis. Wedo not, therefore, support

recognizing these as a third, distinct morph.

Given that A. comperei and A. hispanicus

are morphologically distinct, how can one

best identify individual specimens? The cri-

teria of Rosen and DeBach (1979) (Table 1)

will generally be useful, although we would

not recommend using the length/width ra-

tios of either the antennal clubs or the fore-

wings. One new meristic character, the

number of medial setae on the eighth ter-

gum will be useful in most, but not all cases.

However, as noted above, it is the covaria-

tion in traits which makes the two species

morphologically different, and no single

characteristic will provide a reliable crite-

rion for identification in all cases. Discrim-

inant analysis provides a statistical method

to identify unknowns to known groups in

just such a situation. Discriminant analysis

produces a single linear transformation of

the original variables to optimally discrim-

inate between a set of predefined groups.

Canonical variates analysis, which we have

used, is essentially the multi-group exten-
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sion of discriminant analysis (Albrecht,

1980), and the special case of CVAof two

groups is equivalent to discriminant anal-

ysis (Neff and Marcus, 1980). Once a set of

diagnostic characters and a discriminant

function has been developed for a pair (or

group) of cryptic species, the information

can be distributed to persons who need to

make routine identifications, but who do

not have extensive experience with the

species and with their subtle diagnostic

characters. This person could input a series

of measurements for each unknown speci-

men. The discriminant function would then

provide the a posteriori probability of an

unknown belonging to one of the known
species. However, one important caveat ex-

ists, all possible species to which the un-

known might be referable must be included

in the discriminant function for the tech-

nique to be valid.
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